Gene dosage and escape synthesis experiments support the hypothesis that diaminopimelate decarboxylase repression by lysine involves a repressor molecule in a negative control system.
The conversion of meso-2,6-diaminopimelic acid (Dpm) to L-lysine catalyzed by the enzyme diaminopimelic acid decarboxylase (DpmDCase; EC 4.1.1.20; meso-2,6-diaminopimelate carboxy-lyase) is the last step in the de novo biosynthesis of L-lysine in bacteria. The enzyme in Escherichia coli has been purified and characterized (16) . Repression of the enzyme by lysine was reported by Patte et al. (9) , who observed that 60 to 80% of the Dpm-DCase activity found in cells grown in minimal medium was repressed when cells were grown in minimal medium containing lysine. Similar variations in specific activity with growth conditions were observed by White et al. (17) .
The gene that codes for this enzyme, lysA, has been mapped in E. coli and shown to lie at position 55 min on the chromosome and to be cotransduced with thyA at a frequency of 80% (4, 15) . The availability of an episome, F'15 (7), which carries the thyA and lysA genes makes it possible to investigate the effect of gene dosage upon this repression of the lysA gene in E. coli. Additionally, the isolation by Shimada et al. (14) of a transducing phage carrying the lysA gene makes it possible to determine whether escape synthesis of this enzyme occurs when the gene is present on a replicating phage genome or whether the repression system can prevent such synthesis. Results presented in this paper support the conclusion that lysine exerts this repressive effect as a corepressor acting in concert with a small number of lysine repressor molecules.
Bacterial strains used in this study are listed in Table 1 . The results of experiments in which the effect of gene dosage on repression was studied are summarized in Table 2 . The percentage of repression by lysine was a function of the number of copies of the gene present in the cell, since the 50% repression observed in the strain containing one gene copy was reduced to only 26% repression when the number of lysA gene copies was increased to three. These results are consistent with the hypothesis that Dpm-DCase synthesis is regulated by a negative Dpm control system consisting of a small number of lysine repressor molecules that are unable to give complete repression of a single copy of the lysA gene and are less efficient at repressing additional copies of the gene. These results also suggest that the lysine repressor gene is not closely linked to the lysA gene since no such effect of additional gene copies would be expected if the repressor gene copies were increased simultaneously with the lysA gene.
Further support for this conclusion was sought by investigating whether escape synthesis of Dpm-DCase occurred after thermoinduction of the lysis-defective, lysA-transducing phage. Cells (RK1222) were grown in complex medium at 30 C for several generations, at which time the specific activity of Dpm-DCase was 18% of that observed in minimal medium. This increased repression of 82% in complex medium over that observed in minimal medium plus lysine (40%; see Table 2 ), has also been reported by White et al. (17) . The cells were then shifted to 42 C for 20 min to induce the phage and were returned to 30 C for a total of 2 h after induction. The results of a representative experiment are presented in Fig. 1 . An increase of approximately 30-fold in the specific activity of the enzyme was consistently observed during this 2-h incubation period.
It is possible that this increased enzyme synthesis could be an effect of temperature shift or of phage growth rather than the result of escape synthesis after induction of a lysA-transducing phage. To rule out this possibility, control experiments were performed by using a strain bearing the lysA gene on the bacterial genome and not on the lysogenizing nontransducing phage (RK1021) and a strain having no lysA gene at all and lysogenized by a nontransducing phage (RK1221) ( Table 3 ). The large used in these studies. Cells were grown in minimal medium (Na2HPO4, 7 g; NH4Cl, 1 g; KH2PO4, 3 g; Na2SO4, 0.8 g; MgSO4, 2 Amol; sodium citrate, 4 umol; vitamin Bi, 50 MAg; glucose, 10 g; 1,000 ml of distilled water) and in minimal medium supplemented with 100 gg of L-lysine/ml. Thymine (400 Ag/ml), histidine (100 gg/ml), or biotin (10 gg/ml) was added, where necessary, to satisfy the requirements of strains. Extracts were prepared from logarithmically growing cultures by sonic oscillation in 0.1 M sodium phosphate buffer, pH 6.8, and the lysate was clarified by centrifugation at 24,000 x g for 10 min.
increase in Dpm-DCase observed when the lysA gene was present on the induced phage genome was not observed when a nontransducing phage was induced either when the strain was lysA + or was deleted for that gene.
Similar escape synthesis has been observed in the lac system by Revel et al. with Pldl (13) and by Epstein with 408Odlac (6) , and also in the gal operon by Buttin using Xdgal (5). The most likely explanations for this phenomenon invoke the presence of a repressor which (i) is present in amounts insufficient to repress the newly synthesized copies of the operon on the replicating phage genome (5, 12) , (ii) is unable to repress newly synthesized genes owing to topographic isolation of the phage (5), or (iii) does not bind to replicating operators (6) . Support for the first of these alternatives has been provided by Epstein et al. (2, 6) , who demonstrated that doubling the number of repressor genes decreased the maximal rate of synthesis of f3-galactosidase after ultraviolet light induction of 080dlac. More definitive evidence for this first alternative was provided by Pfahl (10) , who demonstrated that escape synthesis of ,B-galactosidase was essentially abolished when the induced transducing phage carried the repressor gene allele (iQ) which results in overproduction of repressor protein.
Recent evidence provided by Adhya et al. (1) implicates read-through synthesis originating in phage promoters rather than at bacterial promoters in the escape synthesis of the galactose operon. However, these studies were performed with an excision-defective phage integrated adjacent to the gal operon, and the escape synthesis seen in their studies is not Table 2 . Protein determinations and specific activity are as in Table 3 . Time is expressed as minutes after transfer to 42 C. (DAP = Dpm.) water) to an optical density at 550 nm of 2.0. The culture was split to three equivalent cultures; one was harvested and used as a time zero control, another was returned to 30 C (noninduced), and the third was incubated at 42 C for 20 min and returned to 30 C (induced). The latter two were incubated for a total of 120 min after induction before harvesting. Cell extracts were made and enzyme assays were performed as in 
